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SECTION I

SCOPE OF FINAL REPORT

-
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tered during the Er rc.m. The Cassegram Feed Q"*iem is installed

on the Rosman 85-foot Antenna No. 2, at Rosman, NMorth Carolina,

The system electrical periormapcb as c.elmeatnd in t 1e f‘ccept-
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SECTION II

PURPOSE OF EQUIPMENT

The 85-~foot antenna feed will be usead for the Advanced Tech-
nological Satellite (ATS), which aims to extend the art of space com-
munication through experimentation. Among the cxperiments will be
_an investigation of ‘the multiple access concept of communication using
pha.sc modulation and an investigaiion of spacecraft stabilization tech-

nique s.

The system is designed fer rcceptlon in the 4.0 - 4.2 Gc band

et e i . At 4 Sl BN T AN S £T e
it AN A an

axﬁ_transmlssmn in the 6.0 - 6.4 Cc band. While the ASF-108 Systcm '

-

is primarily for the ATS mission, it can be used for Comqat and Relay

satellites which operate in the same frequencv bands.
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SECTION III
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1. Technical Manuzl, Cassegraiﬁ Antenra Feed System, Model
ASF-108. Rantec Pub. No. 31796-TM.

2. Acceptance Test Report, Antenna Feed Systemn, Rantec Model
No. ASF-108, Rantec Pub. No. 31796-ATR-1.

3. Performance Specification for a Cassegrain Feed System for
85-foot Antenna, INASA, Goddard Spclce Flight Center, Spec
No. GSFC~TRS-ANT-23, Rev. 1, :

4. Functional Specifications for Collimation Tower Equipment,
NASA, Goddard Spacec Flight Center, Spcc No. GSFC TRS-
ANT-24, Revision 0. . -
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SECTION IV

SYSTEM CONFIGURATION

A photograph of the feed cone-and hyperbolic subreflectey in-
stalled on the §5-foot parabolic dish is shown in Figure 4-1. The
geometry of the Cassegrain Systera is shown in Figure 4-2. The 11-
foot diameter subreflector was selected to adecquatcely cover the 9-foot
square quadrapod apex structure and existing 8-foot square low-
frequcncy feed ground plane mounted thexrce without adding additional
apertvre blocking. The hyperboloid focal length, i.e., the distance
hetween the 85-foot parabola focal point and the feed point, is 22 feet
with the feed support cone protruding 14 feet froin the parabolic

surface.

A block diagram of the equipment configuration is shown in L

Figure 4-3. The essential features of the system are:

a. Use of a single horn for transmit, receive, and the
monopulse sum channel,

b. Useofa circularly polarized ring array for the monopulse
error channels,

c. Polarizatica sensing on the null in the orthogonally polar-
ized receive output using the beacon signal and a dual
channel phase lock receiver,

d. Manuul polarization rotation over a 270° sector,
e. Inclusion of the Mascr in the rotating assembly,

f. Extraction of beacon signal for the monopulse sum channel
after amplification by the Maser, and use of a phase com-
pensa.tmg rotary joint to maintain relative phase w1th the
circularly polarized error channel array,

‘g. A Cassegrain subreflector, ll-fecet in diameter with a
22-foot focal length., This results in the feed aperture
position 14 feet frOm the 85-foot” reﬂector vertex. The
reflector angular full width is 32° 22' at the feed point,
and

h. Receive multiplexing after amplification by Maser prearn-
plifier and TWT.

HSOHGHE 4-1
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SECTION V

COMPONENT DESIGN

5,0 GENERAL

This section discusses the engineering design parameters for

T vemece, - i

each of tl.c major components in the Cassecgrain Eced System. Descrip-

tive material such as found in the Technical Manual has been kept to a

minimum. Emphasis is placed on electrical «nd mechanical require-

A U e

ments with coverage of the deszgn rmlestones leadmg to thﬂ exmtence
bR TR T T T et s T

of hardware ﬂultablc for the rpqun ements.

i I o R it L vra

5.1 Fesd Cone - The feed cone ir 164 inches high, 110
inches diameter at the bace and 71 inches at the top. At the top (with

thc antenna pointed at zenith) are the main and tracking feed horns.
See Figure. 5-1 for a cutaway view of the feec cone. Immediately
below the main horn is the dual mode transducer that serves to sep-
arate the received signal into two orthogonal polarizations. Below
this transducer the sum signal proceeds through the transmit-receive
duplexer and transmit reject filicr inte the Maser preamplifier. The
components are arranged to provide the shortest and simplest wave-
guide run between the main fced hoin and the Maser, so that this path
will contribute the least posmble loss. The remaining components of

c—

the feced are arranged as appropriate.

The conical feed housing (Figure 5-2) is constructed
enfirely of aluminum except for stainless stecl bolts and screws. The
cone weight with all components except the Maser System is 2800
pounds. The structure will withstand 120 mph winds with the antenna
at zenith and 70 mph winds with the 85-foot anienna in any other posi-
tion. It will withstand a 24-inch snow load (8 lb/£€;3) or a one inch

- :
" radial icc load with a 60 mph wind load while the antenna is at zcnith.

An error in units of length conversion from feet to

inches in the design calculations for wind loading resulted in por..ons

wm
1
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of the cone being designed and
built to withstand wind loads in
excess of these reguirements by
a factor of NTZ. However, when
this error wag discuvered, no
review was made to determine

whether other aspects of cone

design would withstand this same
loading. Therefore, while parts
of the cone would withstand the
extra loading, it cannot be said
that the over-all cone design is

for wind loads in excess of the

120 mph and 70 mph winds de-

Figure 5-2. Feed Cone Housing  Scribed above.

The housing has four lifting
lugs: two at the bottom and two at the top, located 180° apart. Two
lugs are capable of supporting the fully loaded cone while it is being
hoisted and rotated from the vertical to a horizontal position. The
design provides an overload factor of 65% with respect to the yield

point.

The inner surface of the cone housing has a 2-inch thick
fibreglass insulation. All metal surfaces are painted with a semi-gloss

white paiat.

5.2 Subreflector - The subreflector diameter is frequently

selected for minimum blocking of the main reflector aperture to mini-

mize gain reduction and sidelobe increase. The approximate formula

—. for minimum blocking is slp ,/;_E‘ A

§ min

lPeter W. Hannan, '"Microwave Antennas Derived from the Cassegrain
Telescope, ' IRE Trans. on Antennas and Propa.gation, Vol. AP-9,
No. 2; p. 147; March 1961,

RANTEC CORPORATION
CALABASAS, CALIFORNIA
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where

main reflector focal length, 36 feet

by
it

X = wavelengths, (.24 feet at 4.1 Ge
The result is 4. 2 feet.

As stated previously, an il-foot subreflector is used
for this system without increasing the aperture blockage. This gives
the advantage of permitting a broader feed primary pattern and reduc-

tion of the reguired feed aperture size.

The subreflector surface is made of doubly curved,
continuous {no holes), aluminum panels. The suppert and stiffening
structure behind the surface consists of eight radial aluminum tubes
from the center hub to the outer support ring with numerous welded
braces between the tubes and curved-Tee beams which form the sup-
port for the panels. The panels are fastened to the beams and outer
ring with adjusting screws which allow for independent adjustment of

the panels relative to the support structure. See Figures 4-1 and 5-3.

Figure 5-3. Subreflector Mounting to Quadrapod Structure

5-4
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The reflector surface can be re~estzblislied and reset
in the ficld br use of the template furnished. “he specified surface
accuracy is 0.030~inch root mean sqtia.re (rms) average {from the tem-
plate using the method of least-square. Ninety-eight percent of the
surfacc must be within 0, 062-inch of the template with 0. 1 percent of
the surface allowed to deviate 0. 093~inch. The aciual subreflector
had an rms and maximuu deviation of 0, 016-inich and 0. 035-inch
respectively before installation on the 85~foot aulenra, The subre-
flector will withstand the same 24-inch snow load or cne inch radial

ice load in conjunction with a 60-mph wind load when the 85-foot dish

[y

s at zenith, It is designcd to withstand 120 raph winds with the antenna

at zenith and 70 mph winds with the aatenna in any other posi.ion.

The subreflector is suspended from the quadrapod mem-
bers as shown in Figure 5-3, The four 3-inch diameter lead screws
will allow for £8 inch of axia.. adjustment. The lcad screws are at-
taclied 1o the subreflector with a beli and socket to allow for removal
of the subreflector and 1eplacement in the same location and attitude.
The lead screws and sockets will z1low for 22° of angular adjustment,
One full turn of oppesite adjusting nuts in opposite dircctions results

in a 9-minule change of subreflector axis,

The surfice tolerance on the 85-foot paraboloid is
0. 040 inch rms with respect to the ""best-fit" paraboloid. With the
hyperboloid also specified on an rms basis, the over-all effective rms
tolerance is the square root of the sum of the squares of the individual
reflector tolerances. Thus an 0,030-inch rms tolerance on the hyper-
boloid, results in 0.050 overall; the actual 0. 016-inch rms subreflector

surface results in 0. 043-inch overall.
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A simple formula for gain reduction caused by surface
tolerance isz
- 2
AG = 171(,;) db

Based on this relation, the gain reduction ic 0. 052 db at
4.1 Gc and 0. 125 db at 6.4 Gc with o =0.050.

5.3 Communications Feed Horn -~ The communications

feed horn (see Figure 5-4) was developed using a half-scale model
horn. The design employs a con-
ical horn which tapers to a square
throat for reception of orthogonal
polarizations. The taper is long
to minimize phase errors and a
set of vanes near the mouth of the
horn equalizes the E- and H-plane
beamwidths. Radiation patterns
were taken for four different sets
of vanes. Patterns were taken

for each set of vanes at four fre-

quencies and in two planes., The
3- and 10~-db beamwidths were
Figure 5-4. Feed Horn Surrounded ,,.3gured on each pattern and are
by Tracking Array

tabulated in Table 5-1. The best
results were obtained with the 1/32'" x 3/4'" 40 vanes of case V, The
E-plane patterns appear to be slightly overcompensated. However,
the addition of the ring array for tracking reduced the E-plane beam-

width by the amount of overcompensation noted above. The E- and

2L. J. Anderson and L.. H. Groth, '"Reflector Surface Deviations in

Large Parabolic Antennas,' IEEE Trans on Antennas and Propagation,
Vol. AP9, No. 5, pp 444-461; Sept, 1961.
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" inches behind the aperture at the low frequency and 2 to 3 inches at

Rantec No. 31796-FR1 ‘ 15 June 1946

H-plane primary patterns for the final horn installed in the ring array
at 4085 Mc anda 6200 Mc are in Figure 5-5,

An efficiency calculation was made to determine the per-
centage of the power radiated which would hit the subreflector at 4085
Mc. These calculations were based on the E, H, and 450 plane ré.dia-
tion patterns of the final horn. A planimeter integration method was
used. The result was 80, 6% for the 32° 11’ angle subtended by the feed
horn. The 19.4% spillover resulte in 0. 94 db gain reduction.

The 1/2-s¢;a1e horn with the vanes of case V was used
for center of phase measurements. The center of phase lies between
0 and 1 inch behind the aperture in the E-plane at both 8150 Mc and
12260 Mc. The center of phi.se in the H-plane lics between 1 and 2

the high frequency.

5.4 Feed System Weather Cover - A weather cover was

requircd for sealing the radiating aperture at the top of the cone against
thé elements. The cover over the feed system had to be electrically
transparent to the 4-Gc and 6-Ge signals but capable of withs'caﬁding
snow and wind loading as well as hailstone impact without damége. It
had to be low loss since its loss weuld add directly to the system noise
temperature and it had t» withstand the 20-kw rudiated power without
melting. .

A thin mylar film was selected for its high tensile
strength and low loss characteristics. . The mcchanical properties
of a mylar window 0. 002 inch thick and 15 inches in dia}neter ‘
were tested in the fixture shown in Figure 5-6. The film was .
secured between two aluminum rings and stee! ball bearings 1/2
inch in diameter, weighing 8 grams, were .dropped from }1éights

up to 45 fect onto the film, The ball bearings were also thrown

" at the film with enough force to dent the aluminum. In all cases

the film was stretched only in the immediate vicinity of the impact

and never punctured. This test was believed to be more severe than

 hailstone impact. Calculations showed that the window should withstand*

. 5 - 9
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¢ K4 ) ) ‘ .
RANTEC CORPORATION ’ -
CALADASAJ, CALIFORNIA



2
(RSP

Rantec No., 31796-FR1 15 June 1966 —

Figure 5-6. Impact Test, 0.002-Inch-Thick Mylar Window —

‘the power densities to be radiated at the Resman site. The on-site

radiatien test of 15 kw verified these calculations.

A VSWR check of the 0. 002 -inch-thick mylar filr as a
windew shewed a maximum VSWRK of 1.07 in 0. 900 inch square wave-
guide at the half-scaled transmit and receive trequencies. The VSWR
is about half this vaiue at the actual C-band frequencies for an identical

thickness window.

After the 0. 002-inch-thick mylar window was in use on
the 85-foot antenna for several months it became brittle., Consequently,
the mylar was replaced by 0. 002 inch tedlar, a polyvinyl fluoride filin 4
with the same tensile strength as mylar but an expected life of 20 years 7

in the elements.

5.5 Monopulse Tracking Array - The sixteen tracking

array elements (see Figure 5-2) are designed to absorb both

5.10
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circulnrly-polarized incideant waves, one in the {eed nctwork and one in
the horn array clements themselves. Following the -three section ca-
paciiie pin and inductive iris phase shifter which converts the circu-~
larly polarized wzve to lincar polarization is a coax~to~-waveguide probe
backed by a short circuit septum. This probe receives one linear po-
larization 2nd lets the other pass by and toward the back end of the horn
where it is terminated in absorbing material.

Since the coax probes are
at right angles to the horn axis,
cach sect of four horns was aligned
with its probes at 90° relative to

the adjacent groups., See Figure

Y Az270° I 8/0°

5-7 for this horn arrangc:nent und
the feeding technique., The probe
alignment causcs a 90° phace
prozression from guadrant to
auadrant.

‘ The feed circuit of Fig-

! ;_O A OL%‘ ure 5-7 allows for this and has

several unique features. First,

all line lengths are equal so there
— {A+B)—-(C+D)

is negligible frequency sensitivity

(A+C)~(B+D) o J [ * from this cause. Second, the

- " oc- o -7 groups are connected in diagonai
Figure 5-7. Tracking Feed | pairs which are inherently 180°
out of phase because of the revers=-
- sal of.the probe positions; there-~
fore, a simple power divider is adeguate to generate the difference
signal. These are ''rat-race" type strip-line hybrids similar to those
used for the four way power splitters. Thirdly, the difference channel
null depths are not affected by the axial ratio of the horns (provided they
arc all identical) because {lie. two sets of probes generating each dif-
- ference pattern are responsive to similar modes passing througzh the

Ay N A ‘ 5-11
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quarter-wave plates. It is notiizcessary that groups A and D have the

same amplitudes as B and C which they probably would nei have unless
. . . . iy . o .

the axjal ratios were in unity. Finally, a single 907 hybrid coupler can

generate both azimuth and eclevation difference patterns and provide

good isolation belwcen them.

There will be a phasc shift in the tracking fced of 360°
per revolution of the incoming pelarization. A corresponding phasc
shift is added to the tracking sum signal when the communications horn
is rotated to track the incoming polarizaiion. The quarter-wave-plate
phase shifter design, as used in the array horns, was used in the phasec
shifters for the sum and polarization error channcls. Signals enter the
rotating end of the joint through a prebe fromn coaxial line ox trar«ition
to round waveguide from rectangular waveguide. The lincarly polar-
ized signzl passcs from the rotating scction to the stationary section
throvgh a noncorntacting choke joint. The linearly polarized signal in
the r.oundrwaveguide is converted to circular polarization. The LCP

i
signal is extracted for the sum and polarization error channels.

Due to the nature cf circular polarization, the phase
observed atl the stationary probe is proportional to its angle relative
2

to the rotating probe.

The ring array is used only f .x the tracking error chan-
nels since the sum pattern of the ring has nulls vhich fall well within
the edge of the hyperbola. Another reason for picking up the sum
channel in the main horn is the efficiency. Kelly3 has calculated the
efficiency factor of a ring and found it to be about half that of a solid
aperture producing the same beamvridth. The error channel primary

patterns are contained in Figure 5-8.

3F. J. Goebels, Jr., and K. C. Kelly, "Arbitrary Polariztion from

Annular Slot Planar Antennas," IRE Trans. on Antennas and Propaga-
tion, Vol. AP-9, No. 4; July 1961.
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5.6 Dual Mode Trarsducer - The dual mode transducer
serves to separate the two orthozon=l received polarizations into their
respective waveguides. (Sec Figurc 5-9.) The basic requirements are
e e - - - ) low VSWR and high isolation.
The Isolation is necessary for
two reazsons; one is to red. ce
the leakage of transmitted power
into the crthogonal mode arm,
and the other is to assure a deep
0r * .
5 2 null in the orthogonal mode arm
\VJ when used for polarization track-
) “ing. The prototype transducer
was built at half scale for X-band
just as w’ h the feed horn. The
opening at the junction of the side
arm was originally full size
wavegnide and presented a re-
igure 5-9. Dua : ans 3 g : A
Figurc 5-9. Dual Meode Transducer o400 discontinuity for the
A 5-13
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.

straight-through modes giving @ V35\WR as high as 1.25:1. Conrscqguently,

the side arm was rceduced to holf{-hecight wavezuride and the maximum

VSV R reduced to 1. 09 in both the transmit and reccive f-cquency bands

The isolation was greater than 30 db; it was found that 2 anall screw

at the corner of the scusre waveguide in the plane of the junciica was

effective in increasing the isolation of the exthogonal crm. This scale
iodzl wos not further improved as the rectangular-to-square wave-

guide transition and septum presented accumulated raismatches.

The full size transducex had 1. 10 VSWR or better over
the receive b nd for both the throush ai:d orthogonal arms. The trans-
mit band VSWR varied {rom 1. 32 at 6000 Mc te 1. 22 2t 6400 Mc. These®
measurements were made with long tapzred transitions te standard
waveguide sizes with elimination of the errors introduced by the half-
scale transiticns. Impedance data shovoed tazt the transmit band could

not be iiuproved without sericusly degrading the receive band.

The isolation between orthopoenal ports was about 35 db
with all efforts to improve this Jigare resulting in degradation of other

transducer electrical properties. .

The requirement for a pressurized waveguide systemn
necessitated a window at or near the radiating aperture. This wirdow
is placed between the feced horn and duzl-mode transducer. In this
position it seals both the transmit/reccive and the orthogonzl waveguide
lines. Also, the electric field intensity in the square waveguide is
about 70% as large as in the rextangular waveguide. A study was made
of various choxre designs and mylar thicknesses to evaluate the cffec-

tiveness of the non-contacting flange and choke combination. Thin mylar
was chosen because it had lower VSWR than 0. 070 inch and 0. 035 inch
Dylec and Cymac windows. The results of the experiments indicate
that a non- contacting choke {flange is as gecod as a flange lapped to a

number 8 finish. This statement is truc for a irequeacy range where
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the electrical lengths of ‘nc choke are between 0.2 A\g and 0.3 Ag where
Ag refers to the guide wavelength in the choke sections, Mylar thick-

nesses to 0. 0006 inch were used for the expeviment.

A 0. 002-inch-thick mylar window was high power tested
in full-size wavcguide. It ruptured at 8 kw CW when holding 6 psi wave-
guide pressure. Subscquently, a €. 007-inch-thick ruby mica window
was used successfully at 20 kw CW. An inductive iris was used at the
window interface to match the power from the horn into the through arm

of the transducer.

5.7 Polarization Scnsing and Rotation - The fced system

contains a polarization alignment subsystem to determine the attitude
of the satellite relative to the ground siation by-sensing the plane of
polarization of the received signals and aligning the receiving antenna
polarization to it. The beacon signals from the satellite are polarized
parallel to the communications signal. Thus either beacon or com-
munications signals could be used for polzxizction sensing; the beacon
signé.l ie uecl since detected amplitude is not affected by data trans-
mission. The requirement of 0.1 degree resolution in polarization
tracking necessitates use of the cross polarized null since signal level
>
varies sinusoidally with polarization angle and the peak of a sine func-

tion is relatively flat,

The null sensing and polarization tracking is imple-
mented by reception of both the desired and the cross polarized signal..'
These signals are extracted from the feed horn by the dual mode trans-
ducer. The sum signal is then amplified by the Maser and TWT before
injection into the phase compensating rotary joint and cxtraction from
the rotating assembly to the monopulse converter for conversion to
136 Mc. The polarization error signal is fed from the dual mode
transducer directly to the waveguide input rota:y joint, thence to the
converter., The polarization receiver is a dual chaancl phase-lock

receiver which compares phase and amplitude of the sum and polar-

at
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WV \‘.‘*”Q‘Q} N

RANTES CORPORATION

CALALAGAS, CALIFORNIA

15 June 1966

5-15



et 2. =N

Rautec No. 15 June 1965

.. lzation error signals to generate

an error indication so that the rc-

cciving horn can be rotated into
DUAL MODE

i - iy atells _
Jut - Rmmswm alignment with the satellite polar
RECEIVER ization.
a-ize . |2c The dual mode transducer

o
rovides for 180" phase shift i
Figure 5-10. Polarization Sensing prov phase shitt

Equivalent Circuit the polerization error signal
’ across the polarization null; hence
the receiver can indicate sense as well as amplitude of polarizaticn

misalignment. See Figure 5-10.

The block diagram foxr the receciver installed in the feed
system is shown in Figure 1 of Appendix I of this report. The system
is re'quiredr to provi ide polarizavion alignment information with a thresh-
“olu signal level of -102 dbm.

Maser and 28 db by the TWT before being put into the converter.

The sum signal is amplified 30 db by the
The
polarlzatmn error signal has no amplification prior to the converter.
Because thc 0.1 db alignment acun'acy depends upon phase and ampli-
tude stability between sum and polarization error signals every effort
must be made to prevent leakage b;‘c.veen channels in the converter.
Field tests wexe made with 20 db attenuation prior to the converier and

“the additional 38 db attenuation at the receiver input. It was found that .

s null fil_lx-i’ﬁ‘ii/és“occurring from the sum signal into the polarization
error channel. Presumably, the same sort of null fill-in was occur-

ring in the X~ and Y-error channels. Consequently, the 38 db sum

channel excess gain was removed prior to the converter by insertion

of a 30 db coupler and 28 db pad in place of the original 20 db pad.

Ideally, the dual mode transdui:erwvould have infinite
isolation between ports .so that polarization misalignment could be
indicated by signal level in the polarization error channel relative to

the sum channel. This polarization misalignment angle 0 is related to

600000 | 16
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CALABABAL, CALIFORNIA .

al



G

Rantec No. 31796-FR1 15 June 1966

the signal level below the sum channel peak by the function -db =

20 log sin 6.

The requirement for 0.1° polarization alignment ac-
curacy corresponds to a 55 db null ~~--a null depth which could ot be
achieved in the dual mode transduccr because of leakage from the sum
signal to the polarization error waveguide port. This leakage signal
within the transducer is of unknown phase relative to the sum signal

and iz about 35 db Lelow the sum signal.

The unwanted signal in the erro: channel can be elimi~
nated by adding a small signal from tlie sum channel of the correct
phase and amplitude for cancellation. This would be ac complish.ed by
addition of a directional couplex in each channel of the receiver with an
attenuator and phase shifte; .etween the two couplers. This could be
done anywhere before ACGC is generated, that is before the 136 Mc
signal is i'njected into the present receiver or within the receiver itself
at 136 Mc or 45 Mc.

Aftqr the calibration procedure, the present receiver
can be used for precise polarization alignment so lohg as the lealiage
or unwanted signal does not changeAanlplitude or phase relative to the
sum. -This is unlikely to happen in the feed system since all compo-
nents are waveguide or semi-rigid coaxial cable. The signal leaves
the feced cone after being converted to 136 Mc sc that the effect of cable
movement over the antenna axes should have minimum effect upon

accuracy.

5.8 Transmit Diplexer

.

- 5.8.1 Dual Reject Filter - The dual reject filter was

required to handle/Z!VR’(v CW power in either of two modes, the trans-
mission rnod‘e},,&s/'for the power from the transrnitter No. 1 or the re-
jectio/n,m(i&e as for the transmitter No, 2 power as shown in Figure

E<Il, The requirement was for 40 db rejection of the transmitter No. 2

RANTEC CORPURATION
CALABASAS, CALIFORNIA
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l Niansniyven no.y  Power over a 25 Mc bandwidth
s . . . . .
% 6301 MC with 2 minimum insertion loss at
LoAD— | the transmitter No. 1 frequency.

The system design requircs that

the No. 1 frequency be above No. 2.

T LT

[o
Ei The original project re-
qgrirements were for three (3) dual
3db E’ ° )
HYBRIDS reyect filters at 6019 Mc, 6108 Mc,
E - ~and 6212 Mc. This requirement
[o]

was later modified to one unit at

[o] To

6212 Mc. The Rosman II system

wa2s to operate with § kw CW at

. INPUT FROM -
QuUTFIT To "6“2‘:;‘5':“:”““ NO.2  $212 Mc from the FM transmitter
Seeven | J AN__n 7 and 1 kw CW at 6301 Mc for the
«— <
~ ~ SSB transmitter.

The dual band-rcject filter
Figure 5~11. Transmit Diplexer

Schematic w2 s designed for a 0. 001 db rip-

ple bandwidth of 86 Mc and a 40db
rejection bandwidth of approxin ately 40 Mc. ... This required loaded
Q's of 160 to 386. The decign consists of coupled cavities in the H~
-plane of the waveguide. -These cavities are resonant at the rejection
center frequency and are shunt inductances at the higher pass-~through
frequexicies. Consequently, capacitive buttons were used to match the

‘waveguide to this pass-through frequency.

The problem area encountered in this design was power

-handling capability in the reject mode. 7The prototype filter was tested

at 100 kw pulse power and successfully rejected this power. However,
a test of this model at CW resulted in voltage breakdown in the first
cavities at 6,500 watts. This breakdown was from the cavity tuning
screw in the top of the cavity to the bot*om wall. Consequently, the

two front cavities of each filter section were redesigned with 0. 872 inch

A A A A “ ' 5-18
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beight instead of the original 0.795 inch. Two 1/4-40 tuning screws
were installed in each cavity instead of the previous single 10-32 screw.
Each screw was one-fourth cavity width from the wall so that no screw
was in the maximum field region of the cavity. The screw end:z-were
rounded and polished to minimize the voltage gradient. The cavity
length was designed for minimum screw penetration. This configura-
tion handled 13, 000 watts CW prior to arcing. Voltage breakdown
calculations indicated the filter should withstand 61 kw. This, coupled
with the fact that the filter withstood approximately 100 kv under pulse
cenditions, indicated quite conclusively that the filter was inherently

capable of handling the required power.

The tuning screws were then elirninated from the first
two cavities and the tuning accomplished by deforming the walls of the
resonztor. The filter now handled 20 kw CW in either the pass~through

or reject mode.

The initial test indicated that the temperature of the first
reject cavities 7w01_11d reach about 100°C at 10 kw CW input with forced
air cooling. Consequently, water cooling tubes were installed on the
filter and the maximum cavity temperature kept at 100°C with 20 kw

CW power in the reject mode.

High power tests were conducted at Rosman with both
transmitters operating simultaneously, the SSB transmitter at 6301 Mc
and 4.5 kw output,‘ the FM transmitter at 6212 Mc and 10, 5 kw output.
The entire system handled the 15 kw successfully, an excess of 6 kw
above the normal operation of 9 kw total po;\ver,- i.e. 8 kw FM, and
1 kw SSB,

5.8.2 Three-Elerment Filter - The input from trans-
mitter No. 1 (Figure 5-11} is isolated from transmitter No. 2 by the
3 db hybrid directivity and dual filter symmetry of approximately 35 db.

Consequently, an additional filter is needed to give the required 40 db

GHOLOE | - >3
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isolation - a filter that rejects the No. 1 frequency to be located be-
tween the dual filter and transmitter No. 2. This filter must have 5 db
rejection over the 2B Mc bandwidth of transmitter No. 1. These filters
were furnished for 6108 Mc, 6212 Mc, 6301 Mc, 6390 Mc, and 6405 Mc.
The present Rosman II installation will use only the 6301 Mc filter, i.e.
the SSB transmitter frequency. The filter was designed to give the
minimum of 5 db rejection at fo +12.5 Mc with minimum insertion loss
at the lower frequency of 6212 Mc. The design loaded Q is 282 to 500;
the 0.001 ripple bandwidth is 155 Mc. The insertion less of the 6301 Mc
unit was 0. 040 db at 6225 Mc. The filter used three H-plane coupled
cavities for rejection which looked like shunt capacitance at the lower
pass-through frequency. An inductive post was 1sed oppesite each
cavity for impédance matching. No high-power problems were en-
countered in this design as the cavities were not resonant to the 20 kw

CW pass-through frequency.

5.9 Transmit-Receive Duplexer - The transmit-receive

duplexer consists of a common junction, high-pass filter in the trans-
mitter arm to reject the receive band, and a band-reject filter in the
receiver arrmn to reject the transmit band. (Se: Figure 5-12.) The
high-pass filter consists of a section of waveguide with 1.240 x 0.797
inner dimensions which provides at least 10 db per inch at 4.2 Gec.

The insertion loss at 6.0 - 6.3 Gc
(the originally specified frequen-
o cies) of a ten inch section was less
# wdven  than 0.1 db and the VSWR was less

than 1, 05,

The band-reject filter pre-
sented problems in terms of get-

itﬂ; TRANSUITTER ting a sufficiently broadband (low

Q) reject element as required for
Figure 5-12. Transmit-Receive

Duplexer low-loss duplexing. For an

5-20
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o

insertion loss of 0.01 db at 6. 15 Ge, a loaded Q of 5 was needed. Nar-
row wall (H-plane) cavities on both sides of the guide gave loaded Q's

near the required value of 5 but the excitation of the'TE20 mode caused
poor rejection at the high end of the b;a;nd.. Broadwall (E—plane):‘_c:;‘avities
on both sides of the guide gave the same Q of approximately 5 with less
TE20
1. 680 x 0. 872 inner dimensions to prevent TE,, propagation at 6.3 Ge.

excitation. The wavegiide size was subsequently reduced to

Problems were encoun’cere'd in matching the band-reject
filter at 4.0 - 4, 2 Gc without reducing its required rejection of 100 db
at 6,0 - 6.3 Gc. The filter cavities acted as shunt inductances re-
quiring shunt capacitance for matching. Design of the matching vanes
suspended across the waveguide and supported by the narrow walls was
done empirically. The interaction of matching capacitance and cavity

loaded-Q was the complicating factor in this matching.

‘At the time the deliverable filters were being tuned, the
frequehcy requirement was changed fronjgo - 6.3 Ge to 6.0 - 6.425
Gc with 85 db rejection allowable between 6.0 and 6.1 Ge. Since it was
desirable to use the existing hardware, the filters, though designed for
equal eleme:nt tuning, wefe stagger~-tuncd to give the required frequency
shift. Considerable difficulty was encounter=d in keeping the higher
order mode spikes below 100 db and the procedure required many slight
tuning adjustmgnts alternately in the 4 Gec and 6 Gc bands before the re-
quirements could be met. The resultant filter had the requi;ed isola-

tion with 0. 09 db maximum insertion loss in the 4.0 - 4.2 Gc band.

5.10 Transmit Reject Filter - The transmit reject filter

used in the orthogonal receive arm is.identical ¢lectrically to the filter
described in Section 5.9 as part of the transmit-receive duplexer. It
has the same 85 db rejection over the band 6.0 - 6.1 Gc and 100 db
between 6.1 Ge and 6.425 Ge. During high power tests at Rosman
with the FM transmitter at 8 kw output at 6212 Mc, and the SSB trans-
mitter at 1 kw output at 6301 Mc, the output at the Maser flange and

K
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orthogonal receive arrm was below ~45 dbrr, Jhis indicates at least

115 db isolation at these frequencies,

The transmit reject filters on the X~ and Y-error chan-
nels are. the same design with two filters in series for each channel to

give a minimum rejection of 180 db over the 6.0 ~ 6.425 Ge band.

5.11 Monopulse Convertér - The Mcnopulse Converter,

located oa the floor of the {ced cone, conv.rts the sum, polarization
error, and X~ and Y:-‘errpr signals from 4 Gcto136 Mc. The four-
channel converter centains four balanced crystal mixers and four.
136 Mc preamplifiers which use a corumon p-owcr supply. One prob-

lem in development was mating the mixer and image-~-rejcct filter so

W

that the reactive image load presented by the filter would enhance T

rather thon hurt noise figure. Spacers were inserted between the
prototypa immage-~reject filteriand the MDL Type L24334 mixer until.

the noise figure was optimized across the 4.0 - 4.2 G¢ frequency band.

TLez four cieliverable filters were fabricated and tuned tc the same

. .nplt'itude' specifications as the prototype; however, their phase slopes
‘were different with the result ﬁgt two channels had noise figures of

11 db or higher at certain freque"ri,cgies within the band. This problem
was solved by adding a spacer to the channel where this was physicztily

possible without any zomponent rework, and adjusting the tuning screw

between the mixer and first iris on the filter in the other troublesome

channel.

The mixers, as delivered from MDL, used matched
paifs of IN23F crystals, After installation of the feed system at
Rosman, ‘the crystals were replaced with IN23G's for a noise figure
impfovement of about 0.3 db. The noise figdre was»8. % @5 or less for . . o
all channels in the 4.1 - 4.2 Ge band of;bear:on'si‘.gnals’x.. Noise figure
was measured‘for'crystal currents of 0. 5ma ~ 1.0 ma with 0.75 ma

1.

giving the best overall performance.

-t
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" Another problem area in the converter development was
matching of the 136 Mc mixer tc the preamplifier. Cable lengih between
the two components and preamplifier input tuning were adjusted for op-

© timum noise figure. . o~ -

The preamplifiers used in the converter are Rantec

* Model EPV-994-3. Each provides approximately 30 db amplification
and has a 1~-Mc passband centered at 136 Mc. The preamplifier noise
figure is approvimately 3 db, These amplifiers use two GE 7768 ccram- -
icrtubes.A These tubes were chosen in prefercnce to all-solid-state am-~
plifiers because of possible saturation or non-linearity effects which

- -'migbl occur from leakage of transx?n@t power into the converter. The

' ;preampliﬁcr requires 4200 vdc, -5 vde, and +6.3 vac. This power is

§ - _ supplied by a single type rpm 201-200, ACDC Electronics, Inc. unit.

-_;j_';"vA s L L L Interchannel isolation within the converter was sp°c1f1ed
at 55 db. For the acceptance tests at Rantec, foar isolated local oscil~
" - lator inputs were not ava.llabl_e. Consequently, the 136 Mc output from '

" each channel was measured with signzal and L. O. oanly on one channel.

o

Negligible leakage was expected prior to the mixers since all inputs

* were \Qav_e:guide. The measured izolations were greater than 60 db
c‘xceApt for the X-error to Y-error which measured 56 - 59 db. After
installation of the feed system at Rosman, . the measuremcnts were re-
peated with ioc‘a.l oscillator operaling on each channel., The measured
" isolations were less than nrevmusly measured but all were 55 db or
greater except for X-error to Y-error whlch measured 43 - 45 db.

- Since this far exceeds the approxzmate 20 db isolation within the track-

ing fced itself, no effort was made to determine whether the leakaae

eccurred from the local oscillators or between cables and preampli-

e

Lers thhm the converter box 1tse1£. It should be mentmned that the

‘ xsolatxon between signal input and local oscillator ports of the ‘mixers

. is about 17 db.  This would result in 34 db isolation if the local oscil-
la,tors are not isolated. However, isolators were installed at the L. O.

bl - . N -
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output ports in the Electronics Room and each should give at least 20 db

isolation for a total of 54 db minimum isolation between L. Q. channels.

5.12 Receive Multiplexer

5.12.1 ATS Quadriplexer - The original multiplexer

requirement was for separation of four channels 25 Mc wide and cen-
tered at 3992 Mc, 4051 Mc, 4120 Mc, and 4179 Mc. Twenty-eight db —

isolation was required at 60 Mc from any of these center frequencies.

The four -channel multiplexer (of which only the 4120 Mc
and 4179 Mc channels are used) is of the directional-filter type. Four-
cavity filters, "in circular waveguide, attach in series along the input
rectangular waveguide. (See Figure 5-13.) Power is extracted from
the input waveguide by each filter from signals only within its own
frequency band. Signals at other frequencies pass down the input
waveguide to the other filters or the load on the end. The filters are

directional in that a forward trav- :
PRESSURE *

POINT eling wave in the input waveguide,
) excites a wave traveling toward
g\;lfTCHEs the output port in the output wave-
; ; guide. A backward traveling wave
AR in the input waveguide excites an _
- oppositely circularly polarized
r , ATS 4 - wave, which excites a wave trav-
. 7 CHANNEL L : L
ey B FILTER eling into the load opposite the -
output port. Half-height rectan-
R-F ‘gular waveguide was used at ihe
SWITCH ‘
input and output in order to achieve
COMSAT RELAY coupling to the cavities with con-

- DIPLEXER FILTER o L LT
venient iris sizes. Transitions to—

PRESSURE . T
POINT type N coaxial connector formed ~—

: 7 ' the actual four-channel multi-
Figure 5-13. Receive Multiplexer '

Assembly plexer input and' ?utp'ﬁts.
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The prototype filters were three-cavity units. They
could cnly marginally mcet the 28 db rejection at f +60 Mc. Tna
0.1 db ripple specification over the 25 Mc bandwldt}‘ together with the
requirements for operation over the 50°F to 100°F temperature :ange,
necessitated redesign for four cavities in each directional filter. The
four=cavity unit was considerably more difficult to tune; however, it
gave a 28 Mc 0.1 db bandwidth, 83; Mc 30 db bandwidth, and 42 db re-
jection at f +60 Mc with an f insertion loss of 0.3 db. Tests of the
4120 Mc four-cav:ty unit over the required temperature range indicated
a 25.4 Mc 0.1 db bandwidth, 80. 6 Mc 30 db bandwidth, 0.3 db insertion
loss at fo and maximwn VSWR of 1. 1:1. .

The difficulty in tuning the directional filters required
monitoring of tﬁree parametsrs during the tuning procedure. These
parameters are insertion loss through the filter, return loss on the
mput waveguide, and power nci extracted from the input wavegulde by

A' . the f11ter. Each cavity- used five tuning screws, the fifth being used to

optlmlze the filter axial ratlo. )

5.12.2 ComsatiRelay Diplexer - The diplexér for the
4067-4123 Mc and 4137-4183 Mc bands is constructed in WR-229 wave-~

= guide. It consists of two 3db .,hort slot couplers, a dual band-pass

filter for the lower bands, and a smgle band-pass filter for the upper '
band. The dual filter is a 10-element bandpass filter with a Tcheby-
scheff design for 0.G1 db ripple over-thc 56 Mc band. There is a re-
quirement for 25 db adjacent channel rejection at the 4123 Mc and
4137 Mc band edges. Bandpas-s filters are required because of the
sharp rejection skirts required between bands. The major problem
with the dual filter was in identically tuning the two sections to give

" low VSWR for the rejection mode and low insertion loss for the pass-

I through mode. Low insertion loss requlres identical phase lengths

 between the- two 3 db short slot couplers.

af
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The single bandpacs filter for 4137 to 4183 Mc is an 8-

element, 0.01 dbt ripple, Tchebyscheff design.

N type coax to WR~229‘waveguide trarsitions completed
the input and two output conrnections foi the diplexer and providsd for

-connection to *he switch matrix.

Inscrtion loss through the dual filter {rom input to ouiput
N connectors was 0.5% ¢b at band center to 1. 15 db at the band edges.
Insertion loss for the high frequency channel varied from 0.74 db at
band center to 1.30 db at 4137 Mc.

5.12.3 Receive Muliiplexer Switching Circuit - .The

~ filter and switch arrangement to provide for reception of either ATS
chaonel cr oither Comsalt/Relay channel by Receiver 1 or Receiver 2
is as shown in Figure 5-14. The switches are Microwave Associates
Type 7502, Type N, coaxial switches. An individual switch had typ-
ically: 1.10 VSWR over the 4.0 - %,2 Gc frequency band. The switches
require 115 volt 60 cycle power for switching and automatically dis-
connect the power supply when switching is completed. At cnrnpietion
of switching an indicator circuit closes to allow for remote monitoring

of switch position.

The cables are 3/8 inch semi-rigid foamflex. Careful
matching of the cables was required to achieve the 1.3 VSWR requ.re-
ment through the filter, cable, and switch combination., Insertion loss

through the system was 1. 6 to 2, 2 db depending upon filter losses.

Cm e " The elecironic circuitry for switching and monitoring

aiﬁ detailed in the Feed System Instruction Manual.

5.13 Maser Preamplifier System - For a complete descrip- .
tion of the Maser Preamplifier System, refer to the Goddard Space—
Flight Center Manual. . '

5 14  Collimation Tower FEquipment - The Rantec furnished

equipment for the Bald Knob collimation tower consisted of a 4-foot

CHOLHE . ,
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ATS
MULTIPLEXER

%-z ° 4

COMSAT
RELAY
DIPLEXER
N
RECEIVER | RECEIVER 2
PM/EM -1 FM-2
Sioifsioz]sio3lsica
a- RCVR I, CHAN 3 RCVR 2, CHAN 4 ololo}|1
b RCVR I, CHAN 4 RCVR 2, CHAN 3 ojojo]o
¢ RCVR I, CHAN 5 ACVR 2, CHAN 6 tlifido
d RCVR |, CHAN 6 RCVR 2, CHAN 5 AR EE

O AS SHOWN = 8~
| OPPOSITE - = ¢

Figure 5-14, Receiver Multiplexer Switehing Circuit
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parabolic dish for 6 Gc and a 6-fcot parchelic dish for 4 Ge together
with the associated polarization positioners, A b-foot square optical
target was furnished and mounted on the collimation tower but was

never used because the optical cage os the 85-foot antenna was mounted
180° from the originally specified iocation. As a result, NASA extend.:d
the collimation tower from 102 fcet to 120 fect and mounted another op-

tical target that was used for the Cassegrain system boresighting.

Keuffel and Esser Co. 71-3250 Coincidence Levels were
mounted on each of the collimation tower antennas to indicate vertical
polarization. The setting of these levels was done at Rantec by use of .
GSFC furnished calibrated horns. The calibration and polarization
tracking was éccomplished on a 730-foot range with precautions taken
to suppress reflections. This matter is further discussed in Section
6. 4 of this report.

R}
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SECTION VI

SYSTEM OPERAITION

6.0 GENERAL

This section of the report discusses ’fne electncal performance

L — w JE—— Pt s o,

characteristics of the Cassegrain Feed System in the 85-foot anternna

and elaborates on the Jata contained in Acceptance Test Rc,po1 t, Rantec
No. 31796-ATR-1, )

et T

6.1 Secondary Patterns - Sum ~ The secondary patterns

and gain mea_-urements were taken using the »’f-;.lc! Knob collimation
tower which is at an elevation angle of 5° froza the 85-foot antenna |
and at a distarce of 4, 2 miles. The lower - ~vtion of:the 85-foot dish
is shiclded from the collimatiou tower by t. :es or 1 ridge ubout 300
fect from the 85-foot antenna. The illuminati¢n at it~ . ‘tom of the
85-fcot dish ie down about 16 db from that at the top bezause of this
shielding; it is approximately as shown in Figure 6-1. This illumina~-
rtion is an average obtained from a grid of illumination intensity meas-
urements taken at 10 foot intervals over the face of th-e 85--foot dish
when pointed at the collimation tower. The measurements were made
at 4195 Mc. .

The antenna E- and H-plane patterns at 4195 Mc and
6200 Mc are shown in Figure 6-2, These patierns should be compared
to the theoretical E- and H-plane secondary patterus that were calcu-
lated at 4179 Mc and a 457 pattern at 6200 Mc. These patterns are
shown in Figure 6~3, The ~theoretica1‘patterns have approximately
20 db sidelobes and are computed from the prir}xary pattern illumina-

tion taper without any corrections for aperture blockage.

The effect.of aperture blockage on sidelobe level can be

approximated by J ensen’s4 formula

4Pa.ul A. Jeansen, '"Designing Cassegrain Antennas, "' Microwaves,
December 1962, pp. 12-16,

. ~’ f\ N f\ 6"1
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APPROXIMATION FOR
85' ANTENNA ILLUMINATION
FROM COLLIMATION TOWER
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MEASUREMENTS OF 12/21/65)
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20

FEET BELOW CENTER OF 85' DISH

Approximation for 85-fcot Antenna Illuminaticn
from Collimation Tower
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Bow ealde-iohe lovel < 70 Lo or cmmm

, . -
wheoerg }fglﬁ Cde U elidelit s to mads hrarn woltaze ratin {or the un-
prrturbed antenna and the foglur D s the ratio of rubreflecior to mzin
dizsh i taeter. For the 1l1ofoot ssireflecior diameter and 20 b sidea
Iebhen witheal blockage the new sidelobe Level will be 17,2 db. This
sidelobe lovel is optimisrtic since the a2ctunl system the eight-foot

equiare prime fond box and yuadripod Irps odd additional blockage.

Allc;wing an sddinensl 2% for this blockage brings the
“eaiculoted sidelobe level to 16,4 do. 1t is believed that illumination
!xh'é.s‘(: errors-causcd by ground reflecti-us would account for the mcas-
ured i5 - 15.5 db sidslobes. The illumination intensity ve:tic:zlApro-
- , ﬁlé revealed 3 db variatious in signal strr;ngth abeve the trec level, a -
. result of these ground reflections, ' ‘

‘The R-~F characteristics of t‘:e C ommumcatmns Feed
Systom are summarizcd in Table 6-1.

The second‘ary pafterns shown in Figure 6-2 are ¥ cuts

- - or csscntiai‘ly horizontal cuts.  The Bald Knob collimation tower is ' :
V ~ Jocated roughly northwest of the Rosman site: the antenna coordinates

for Bakl Knob are approximately X=-82,7%, Y =448.8% Thus, a Y :

cut is’actually not horisontal but is tilted 7..3° to the horizontal. A : S

An X-cut woalc. be a verncal cut only if the colhmatmn
towcr were located str:uoht east or west of the 85-foot antenn.a. On~

: " the other hand,- if the couxmatxon tower were north or south of the si\te‘.

N

an X-~cut would just be a rotation of the 85-fc90t ‘antenna, ‘not a cut
‘th"'ough thc main beam. . Since the Y-anoln -is so great for the Rosman
antenna, the X-cut is an arc through the main beam with the beam ap- -
pcarjng to be 1. 5:times as large as actual, Furthermore, the X-cut

: ) .~ is an in-and-cut anterna m_otibn such that the received field is not cut
' GOOO @@ o T - ' L
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"! L 2% W " E‘ PR S e m iy
o g e — . -
Freauenoy abis SRR X
G P4l :‘{:- 5 f‘!. . (:t\
Filiciory 55 47 poroent
Beamwii
Ji-Mlane 0,238 0,1u5 dogres Ll pocer
F-Flanc 0.1¢&¢ 0,162 drpree b poaor
First Sideiobe -16 -17 g
Other Sidelobes ~22 -2 db

bu. is probed along the line between the collimation toswwer and 85 -foot
‘antenr.a.  This ficld probing and the cffect of ground reflectinas Cauge s
the X-patterns to be pon-symmetrical with 12 .db sidelobes on one sidc
of the mainrbeam, 20 db on the other side, with the beam mearsuring
1.5 times wider than actual. For these reasons only the Y-puucrns

are included in Figure 6-2.

6.2 Antenna Gain - An integration for gzin was made at
4195 Mc using the following equation from Silver. >
F (,n) ¢fan 2
G = i’il A |
.oom |F (¢, m|? atan :

where

Gm is the gain for constant phase over the aperturc

F (£, n) is the illumination function over the apcrture as
a functmn of § and n, the. coordmate pomts within the

S, Silver, "Microwave Antenna Theory and Design, " McGraw-Hill
Book Co., Inc., 1949, P. 177. -
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Figure 6-2 was urcd for F {L, n) and f;’ff? caleulation .ade withot and / w
then with the effcct of the ilaminztion shiclding,
The galn was 60,5 ¢b #nd 7. 6 db respeciively omla
reduction of G, 9 dh caused by the tree shiclding, These calculated
gadns do not take spillover ints account. A plani—icier measurcment
of the primary pattcrn jndicates 177, spillover, or 0.92 db pain reduc-

tion.

The estimates for other factors contributing to loss ia
gain are shown in Table 6-2. Multipath effects between the 85-foot
antenna acd collimation tower antenna produced 3 db variailons in the
vertical profile signal strengths. The rcsultant plase errors-are’
estima;cd -t_o produce 0,3 db gain reduction. The aparture blockage
figure of 0, 3 b for the hyperboloid was obtained from Jencen's for-

mula for estimatea gain loss:

~ Gain Los’s = 20 log (1 - ZBZ)

Table 6-2. Antenn:. Gain at 4195 Mc

" Gain (by integration from primary pattern) _, . 60.5 db
Cpillover past subreflector . <0.94
Phace errors (including collimation tower illumination) -0. 30 )
Spillover past 85-foot antenna ~0.15-
Hyperboloid aperture blockage (increased-SLL) -0.30
Quadripod legs blockage (increased SLL) ' -0.10
Surface Tclerances ' — -0. 05
Feed Loss - -0.15
Theoretical Gain ’ 58.53 db
Shielding by Trees ) . ‘ A ;O.~90 S -
Near Field Gain Reduction ) © -0.30 ’
" Theoretical Gain to be Measured ‘ 57.33
Actual Neasured Gain - 56.89
_I_)_J'Li_'_ggj‘encé . T ) - 0.44 db

: % I H R -
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ter the ootand phin tean U S I S PR I SO U SO PO S 3ot
. - . . - . .
and corrcciing for free bl b o wor i bl padn rodal e oo Thha:

balicf is bascu upon thr o thin s,
Virst, the meceured poi correation. ol o302 dh

have nol toben the aperture lluvaiain o phote G into aceeunt

the near ficld pain reduction iz .3 db only af o Coare rein Ly at i
focused atiiinity but is 0 db if the sy © iz feruar g at th coltin oo
tower. -

Sccondly, the wide variation hotween the pain standaed
of 17.57 db and the approximate 58 du to he mew ured te a large source

of error. ’ . ,

Th\rdly, the limmitations imposed by the meacurcinent
techinique used could account for 3 db variations in mersured gain. The
gain measurements were taken by polnting {he standard gain horn from
the lip of the 85-foot dish at zenith towaxrd the ¢ ollitnation tower and
then comparing this signal level to that reccived by the 85-foot antenna
when pointed at the colhmatlon tower. Measurements were made with
the standard gain horn at three differ<nt locations on the lip of the dis’h.
However, as mentioned previously, 3 db signal variationg were found

the vertical profile of signal strength at the g85-foot antenna. It was
not possibie to probe the field vertically durinyg the gain measurements;

this coud be a large source of error in the measurcd values..

The theoretical calculated gain of 58 53 db as in Table

6- Z rcpresents an overall efficiency of 55. 2%.

A similar analysis can be made at e 6.0 to 6.4 trans-
mit frequency as in Table 6-3__ A field intensity probe was not made
in this frequency band but the loss thrOumrineJ*e e blocking the aper-
ture is expected to be greater at the higher frequency due to the in- T

creased dn.lectnc loss of the trees. The aperture tapsr ef£1c1enry of

al
'
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Tatde 2.3, pAotens Gatn at 6200 2/«

Gatn {untform {Huminatic:) 65.52 db
Ajerture Taper Rificiency - 67, 13% -1, 74
Spillover past subreflector - ~0. 6L
Phase Errore (including collimation tower illumic ticn) -0, 30
Spiliover past €5-foot antenna ~0. 05
Jiyperboloid Aperture Blockage (increascd SLL) 0. 30
Quadriped Loge Blockape {increased SLL) 0.10
Surface Tolerances -0.12
Feed Loss -0.05
Theorctical Gain _ 61.20 db
Shiclding by Treces >-0.90
Near Field 3ain Reduction -0.75 dbmax}
The orcetical Gain to be Measured 59.55
ég‘.tual Mcasurcd Gain ) €0. 49
Difference >0.94 db

67% was .aken from Sciambi;® spillover taken frorr-x planimeter inte-
gratioa of primary patterns. Other factors are estimated. It should

be noted that the 0.75 db near field gain reduction is a maximum fig-
ure which can be used only if the Cassegrain system is focused at
infinity, but the correction goes to zero if the system is focused at

the collimation tower, The t}‘:cAoretica.l gaiﬁ of 61.2 db corresponds to
an overall efficicncy of 46. 8%. This lower efficiency at the transmit
band is cssentially caused by the taper efficiency of only 67% compared -

to 87% for the reccive band.

6.3 Secondary. Patterns - Monopulse Tracking

6.3.1 General - The X- and Y-error secondary pat-
terns are shown in Figure 6-4, It will be noticed that the X-error
pattern appears wider than the Y, is non-symmetrical, and seems to

have a shallow null depth, about 14 db. /These effects arc explained in

RANTEC JORSORATION ~
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Secondary Patterns --

X & Y Erroxr at 4195 Mc

Figure 6-4,
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curred within 0. 003 degree of optical boresight.

-
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to verify thot the Menullis doepr v Vo B Oh by ploaniy v W
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which print the cicnal dropped cate Alrey, Tt trecns ek the Moo
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d - 1,3 L4 - [P RN 1y 8 E
Y tracking to bo of cqval gualing witn the o2
L5

from optical boresiztt belne 0, 207 for N oaed 0024 Fhes o

numbers are for fitted data it can deviotlon from eptive! borenizht

set to zcro.

Becuuse of the Ro=mon pattern rongs choaractovistics,
difficultics were encountered in borerighting the Cassepreain feed
sy stern. Pattern and gain mecusurements voere made with the subre-
flector mec"hanically centered and aligned on the geoinetric major axis
of the antenna., The subreflector was sdjusted axially along the major
axis to the focal plane for optimized Y-cut patterns. The Y-null oc-
The X-null was
0. 074 degree from boresight. However, the aircraft tracks shovred
the X-boresight to be only 0. 002 degrces from.optical with ¥ showing
the large mean deviation of 0,058 degrees. The data indicates that the
Y deviation is only about 0,020 degrces when the plane was at 30° ele-
vation in the vicinity of the collimztion towcr. This is the lowest cle-
vation angle flown. This information indicat»s that.precise boresight-
ing will have to be done by a ceries of subreflector adjustments and
aircraft tracks becausc of the erroneous infornia.tioz_x obtained by using

the Bald Knob collimation tower,

Optimum focusing was obtained with the subreflector
ve;gex 210. 8 inches from the weather window surface at the top of the
.cone. From the Czssegrain geometry information contained in Fig-
ure 4-2 the tracking array and horn phase centers would occur 1.9

inches below this surface. C . : ‘ -
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.

The measured differen. ¢ in gain Letvveen the communie
cetions horn Buin chanre] and the peai. of the error channels was J0. 8
db, The facters Invoelved in this fizurc are cstimated as follows: 3 db
logs in the circularly pelarized horns of the tracking array; 3 dh.loss
to spillm r beyend the subrceflector as a result of the high sidelobes
on the priinLry pattern; 2.5 db gain loes for the apertuie usced in the
differcence rnoda:;(‘ 1. 8 db less in the power dividers, 90° hybrid aad
comparator cables., These estimates account for 10,3 db gain dif-
ference, The spillover and difference mode estimated losses 2 te
probably low and could account for the other 0.5 db.

The aperture, i.e. the circular array with the blank
area in the center {for the communications horn, rcsults in high side-

lobes far from bore51ght whxch become large spillover ‘.outnbatmns.

’ - : 6.3.2 Trackuzg;ﬂccuracy - An estimate of tracking
accuracy can be made by considering the errors resulting from re-
ccivex; rioisg, phase crrvorhs,‘ and comparator amplitude unbalance.

The error chsnnel slope is involved in quanti_tative—conside.ration of

all these errors. This sl:op;c‘is defined as the rate of change of the 5
*  received error signal norrrnalized’to. the sum channel output at bore- ‘

sight.. Thus the units are volts per volt per degree. The measured

Y-error channel slope at 4105 Mc ‘was 3.2 volts/volt/degree. Only

the measured Y-errox data w111 be used for this c.mdlyqis because e

ground reflactions and phase errors in the X-patterns result in an

erroneous calculated slope of 1.4 volts/volt/degree.

6.3.2.1 Receiver Noise - Rms tracking error can be

related to slope, signal level, and noise level by the formula
) - _ 1 R N ) > ’ 7” -
S Aefﬁdg o

R Kmsey, "Monopulse Difference Slope and Gzin Standards, "IRE
" Transactions on Antennas anq TD1~c>paga1:1c>n, Vol. AP-11, No. 3,
May 1962, pp. 343, 344,

o HOHOOQ : ~ | L el
'j,:(r‘ “\‘ ‘ R . - . . N :-‘« :_ “ B ) - “.‘7 -
3 RANTEGC CORPOSRATION - S R
- ¢ CALARAGBAS, A UFORNIA Se - ' :



g€ e et

wheio

AQ iy the rtondod ot 2 ool & larys sunbere o
s lae e ﬁ!\;tlt'
o the

. - 54y -, [ " e
e, suromments ol o vt ez bl

3.1 :
by which the ant gy st he pnintsnd

targel for undyy el - beenvt o0 radio

in the erroy chonnel,

. . ! 4
Kis ervor ¢iomnnel slope (302 volta/velt/deyr

S/N is signnlatsoncice rotio

MR

For a 40 db signal-to-ncise ratin, iypical for U applivati o

AB=0,0031 degrees. This is approxi:alely 1055 of thy svin chosnel

beamwidth,

6.3.2.2 Phasc Lrroers - Shoultinzous pre-coamparator

O o oAbk Wt TN ot i

and post-comparator phasc arrors arc required to produce a boresignt

shift. An approximate formula for this boresight shatt is

|
AQ = i 'ein ¢) (tan §,)

where

i

¢
¢2

For this system, the cables werc tested and trimmed
using the Rantec phase measurement equipment which has the accuracy
o v

of £0.25 ., Tne cables for the comparator nctwork were within 6° of

being identical, This 6° pre-coinparator together with 10° post-

comparator gives

AB = 0,0029° or 1.4% of the beamwidth

6.3.2.3 Compzrator Amplitude Unbalance - Borcsight

pre-comparator phase unkalance

post-comvarator phase unbalance

is related to amplitude unbalance by the formula

1 14-.-af
A0=g (’ﬁ'&

where

N £
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20 log ¢ = unhalance in db

Amplitude unbalance can be cstimated irom the comjonent test data or
calculated from the actually measured error channel null 2epths for the

= o

four-horn system used here.

Corrponent teéis; of the 2 to 1 power splitter and 90°
hybrid showed 0.1 db unbalance each. The 4 to 1 power splitter and
four horns in each quadrant cé.n be considered as an entity since the
ampliude unbalance of 0.5 db arnong the four horns in a quadrant has
negligible effect on the main beam radiated from that quadrant. As
mentioned previously, diagonal Quadrants are compared so that the
axial ratio of the aorns themselves is not 2 contributing factofto un-~
balance. ' Thus, the coraponent data would indicate about 0.2 db total
unbalance. . |

Unbalances are related to null depth by the formula

null depth = 20 log 3%

" where unbalance in db = 20 log «

Y¥or a 30 @b null, the specifi‘edjminimunl, the unbalance is 0. 51 db.
Actually, the unbalance was kept below this value and null depths of
34 ¢b or greatrer were achieved whick corre sp0nds to unbalances of
0.35 db or less. -The null depths were dependent upon polarization
with 40 db nulls (0.175 db unbalance) often measured. It is felt that

this polarization depcndence is caused by changes in aperture blockage

"and ground reflections.

Applying the formula for boresight error results in

Ao % of beamwidth Unbalance
0.0032° 1. 6% . 0.175 db
0.0036° - 1. 8% S 0.2
0.0063° : 3.1% 0. 35

By

) @‘Q :} N
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To summarize, the rms tracking error caused by re-
ceive noise is 0. 0331 degrces. The maxiinim combined boresight
shiits as calculated can be 0. 0092 degreces. There can also be bm:c.u
sight shifit with polarization which is specified 2t 2§, 006 dzarees and
meacsured to be 0.004 degrecs for the Y-axis. WNote that the boresight
shifts represent an error between electrical and mechanical axes of
the antenna and represent négligiblc error in the tracking function of
kecping the sum channel beam on target. The same will be truc of

n:echanical sources of boresight shift.

6.4 - Polarization Tracking - The polarization sensing and

rotation experiment performed at Rosman between the 85-foot antenna -
and Bald Knob collimation tower showed pclarization tracking errors
_between the two anternas of almost 5 degrees. 180 d=gree rotation of
the collimation tower antenna caused about 4 degrees shift in the null -
reccived at the 85-foot antenna. Furthermore, the two nulls were 26 .
and 45 db at 7one time of day and bcth were 35 db at another tirne. These
effects are believed to be caused by changes in the collimation tower
antenna with 180° rotztion because of the tripod support structure as
well as changes in the antenna range reflection characteristics caused

by temperature and moisture characteristics.

Initial polarization tracking experiments at Rantec re-
'sulted in similar errors, i.e. widely different null depths with rotation
and tracking errors of several degrees. These experiments were per-

-~

formed on the 365 foot pattern range.

Reduction of the distance between the communications
horn and the calibrated horn to 7-{feet and covering or all antenna range
towers and stands with hairflex to suppress reflections irnproved the
tracking accuracy so that the error was reduced to #0.27 degree. The
null deptl/ls were measured and found to be between 39.5 db and 44. 8 db

for all rotation angles.
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I Polarization calibrztion of the é-foot diameter collima-
tion tower antenna was done on a 30-foot range with the same precau-
tions described above to suppress reflections. Tracking was within

#0. 6 degree with null depths 1'7anging.between 29.2 db and 33.1 db.

In an effort to eliminate thz Rosman antenna range re-
flection characteristics an experiment was performed with a horn
mounted at the vertex of the hyperboloid and beamed at the top of the
cone. No provisions were made for precise rotation of this test horn.

; Howevcr, rotation of the commuaications feed horn produc=d identical
nulls at the 180° peints and the nulls were within 0.08° of 180° as read -
out on the-polarization rotation indi ;F"»tgr dial. a

' It'is understood that « similar but highly refined polat-
ization calibrai:ioﬁ ;yst‘emris being builc for:i:hstallation ‘on-the 85-foot
anterna. Rotation of the hotn on the subreflector will be remotely con-
trolled and its position determined from a remote readout.. A receiver

is being provided with the provisiuns for amplitude and phase adjust- - -

ments to cancel unwanted signals as discussed in Section 5.7 of this .

v R R B _ e T

report. . ’ T

e - T - Z

6.5 Noise Temperature - - Freliminary noise temperature

measurements were made by Goddard Space Flight Center on the _
Cassegrain Feed System in the 85-%oot antenna. These measufements
were ma.dé at the Maser input flange using the radiémeter developed
by P’/bil"o Western Devglopment Labs. TheAtechniquve was not hi‘gli‘ly"/ A
refined in that the antenna’ femﬁeramrﬁ_{}yﬁs c‘ompafed to ,'xéc'rn"t‘:e:'mper—
ature and dry-ice cooled loads. Accufacy could be»enlié;nced by use of -
nitrogen or helium-cooled loads for the reference temperature. The

measured noise temperature was 23 - ‘ZSOK‘With-the antenna at zenith.

-
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SECTION VII
CONCILUSIONS N ’
The equipmenti developed under Goddard Space Flight Center
Contract No. NAS 5-3564 and discussed herein has satisfactorily met
the required specifications. The design approach has resulted in a
' -reliable feed system with inherently low repair rates. The waveguide =
components will require no m_inténanceé with the semi-rigid cables
_.-and electronics equipment rcquiring a minimum of periodic servicing
and replacement of parts. i
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1.0 SCOPE . —
7 —Piils rep>ort deﬂs*c‘rlbes a solid stc.te, dual channel, phase lock |
T receiver. Iﬁ;ﬁﬁed fér polarmdtlon nment of a Cassegrain Feed
S‘y’;t—'em for an SSV?C;;;‘X;t‘éﬁna as pe pm S')F-cxflcatmn No. GSFC-TRS-ANT- 23,
R;;1s1on No. 1, “uauc"‘ 7‘5 Ma"cn 1963 The d¢s1gn criteria, performance
specifications, and test procedures andvresugl;‘,s are given,
2.0 GENERAL
A block diagram o6f the polarization alignment system is shown in
>F1gure 1 with the recewe -gonnected to the MonOpulse Converter, low
R noise RF cn'cmtry, and dual'mode transducer. The followmo system
 boundary conditions were spemﬁed __:__g-.__._m.- A T e
: ' FTE - annum mput smnal strength: _/ .=102 dbm
\ﬁ\r: ;;,\;,,,,_;;,;_A;; __Polarization error rneasurement capability: 0. 19_
= 77" MASER & TWT amplifier gain: .. 50db nom.
. '!‘7 : MASER noise temperaiure: : lOgK.ma_x.
L Antenna noise temperature: . 30°“ max.
Mon‘bpuis’e converter noise figure: 8 db max.
. Monopulse converter gain: - 24 db min,
(mixer: -6 do; preamp: +30 db) :
Cable loss (converter to receiver) 3 db nom..
) Tracking rsceiver reference channel output requlred
e - Assumed System Boundary. Ccndl.lons are as follows: ,
. System dynamic range:- T 60 db - -
(max. input signal: -42 dbm) e
~Maximum monopulse converter mp/ut -
signal: = - -+ «10 dbm
e e R Lme:ri pola ization error indication: 40 db e
(0 -1 to 10 degrees) = - I
e T i /7»/‘/ - i
o - ar
" 1.
COOOLE
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2.1 Dual Mode Transduce»r

The dual mode transducer which generates the polarization align-
ment error signal has a null voltage outpui: proportional Ato the sine and
a reference output vol‘cagé'7p1'oportionr%‘lr to the cosine of the polarization
error angle. The null output voltage ’has a 180 dezree relative ‘ll)hase'
relationship on each side of the null. For a 0.1 degree polarization

error, therefore, the normalized null outprt voltage is:

0.1 deg

sin 0.1 degree = go-3qe/raa =

0.00174

and the minimum relative refersnce/null signal strength is:

2.2 Signal Levels

Full system capability was spec1f1ed as required with-a beacon
input signal to th dual mode transducer of -92 dbm. A 10 db safety
margin results in a threshold signal of ~102 dbm.

The polanzatwn error sxgnal enters the converter prior to any
ampl_lflcatzon. ‘It will be at a level of -157 dbm at the _dua; mode trans-

: »'ducer for a 0.1 degree polarization exror. The input to the monopulse

- converter will be at the -160 dbm level after going through the phase

- sompensatmg rotary joint. Thn 55 db channel to-channel isolation o

within-the converter- requires that the sum. ‘signal-énter the converter -
at a level of -105 dbm or less to prevent fill-in of the polarization error

- null. Hence, the sum signal mus_t enter the converter 3 db below its
“level at the dual mode transducer. The 3 db drop is experienced in the

- phase compensating rotary joint. Any sum signal gain in-the Maser

> and TWT must be removed p‘rior to the converter. This is accomplished

'by 30 db coupling to the signal from the Maser/TWT output and an ad-

S ditional attenuator. The attenuator value was determined during system
. checkout_to be 27 db. . |

3
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Equalization of the channel gains prior to the receirer permits
operation of the polarization alignment system with the Maser and TWT
removed from the reference channel.- In addition, testing of the system
at any point.prior to the receiver can be accomplished by synthesizing
the dual mode transducer operation with true relative reference-null
channel signal strengths. A '

Since a 40 db linear polarization error output is required for 0.1
to 16 degrees (null channel -55 db to -15 db relative to reference chan-
nel), the relative null channel gain can be increased by 15 db, increas-
ing the error output level while maintaining the required error signal
wichin the ah;iplifier linear range. However, a 15 db attenuator in the

reference channel input is the most desirable method of increasing the

" error channel relative gain. It limits the maximum differential channel-

‘Ato-channel signal strength to 40 db (eases channel-to-channel isolation

" requirement) as close to the receiver input as possible and permits

p e
RANTEC CORPORATION

jdentical following receiver channels E&_‘oi"fbminimum differential gain and
phase &~ L.t versus AGC, turﬁng, etc. - Removal of the 15 db attenuator .
will increase the reference channel sensitivity from -105 to -120 dbm
and decrease the polarization error indication by a factor of 5.5 (mini-
mum indication increased from 0.1 to 0,55 degrees).

On the following page is a tabulation.of the signal conditions

-thr oughout the system.
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Threshold

Dual Mode Trunsducer Output

Monopulse Converter Input

Preamplifier Input

Monopulse Converter Output

Receiver Input

Receiver Mixer Input

Receiver IF Input

Receiver IF Output Signal

(70 ohms)

Receirer IF Output Noise due

to System

Input

Receiver IF Output Nozse due -
‘to Receiver only

1

‘s

Max1mum SIO"'Iu.].

- Pual Mode Transducer Output -

Monopulse Converter Input. -

'Rngiyér Input

| Receiver Mixer Input -

Rgcelver IF Signal Output ‘

2nd Mixer Input Level
3rd Mixer Input Level {from £0 ohm source)

(70 ohms)

L

:Miscellaneous

COOLOE
RANTEC CORPORATION
CALARASAY, CALIFOANIA

Null Channel

0.1 degree

10 degree

-157 dbm

“2160 dbm

-166 dbm
~136 dbm
-139 dbm
-139 dbm
-145 dbm

0. 0025vRMS
0. 100vRMS

0. 0252vRMS

-97 dbm
-100 dbm
-79 dbm

«79 dbmm -

0. 0025vRMS

Synchronous Detector Reference Level

117 dbm

w2
«120 dbm

~126 dbin
-96 ‘dbm
-99 dbm
-99 dbm
=105 dbm

0..25vRMS
0. 100vVRMS

0 252vRMS

27 dbm

15 June 1966

Ref. | Channel

«102 dbm
=105 dbm

~78 dbin
-84 ¢dbm

-99 dbm
f-105 abm

0. ZSVRMS

0.0? 8YRMS

. 0.0252¥RMS

-42 dom .

0. 23vRMS

at

" -60 dbm -245 dbm
- -39 dora - -24 dbm
-39 dbm -39 dom
O.VZSVRIY{;S 0. 35vRMS
1.0 mw
0. 15¢vRMS

4!
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2.3. Receiver Tuning

The receiver is either fixed tuhed to 136 Mc by crystal control
- or .unable %0, 250 by a VFO; selectio:';ris by front panel switch__;".;;.'l'he

crystal control permits operation and testing of the receiver in its
most stable form when a variable signal source is available or when the
input frequency is accurately known (crystal replacement can provide
for frequency changej. The range of the VFO which tunes the receiver
to 136 £0. 250 Mc is the minimum permitted by the specification. This
minimizes the vernier tuning range and facilitutes plhiase lock loop signal
acquisition. The vernier tuning has a 5:1 gear reducer.
2.4 - Phase Lock Loop

The phase lock looy bandwidth is nominally'300 c/s, achieved in

T a second order Loop This permits receiver operation with signal

sources W}uch contain large amounts of 60 c¢’s and harmonic phase modu-

la,tioi{s (ordinary signal generators). Reduction of this bandw’dth is not

necessary for sensitivity reasons since the threshold input signal-to-

-

noise ratio to the phase detector is 20 db. T e T
The 1mpedance of the loop fﬂter was made as low as possible,
using the largeat practical capacitor, permitting future reduction of P
the loop bandwidth if desired by changing two }ésistor values. - o |
The VCXO has a 20, 06% tuning range with the £10 VDC control =
voltace available from the. phase detector. This prcvi&es a-%24 k¢ auto- L
matic frequen.,y tracking range since-it generates the 40 Mc secoad L. O. ‘

A £10% (2.4 kc) automatic acquisition range was demonstrated. ‘ -

2.5 Polarization Error Indication

While the coherent polarization error amplitu:lé detector oﬁtéut
is linear over 40 db (error channel -55 db to -15 db relative to reference:
channel), increased meter deflection is requzred to provide satisfactory
indications at the smallest required polarizatxon errors. Au e‘\panded o o :'

ey N
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*

null meter has been used and an increased sensitivity position incorporated -
by increasing the gzin of the amplitude detector by 26 db. The following

approximate meter indications result:

- -

. Sensiiivity
Condition ' Normal Increased
Fall scale Saturated ( 45 degrees) 2 degrees
374 ccsle 20 degrees 1 degree
1/10 scale 2 degrees 0.1 degrec

The two 90 degree phase adjustments in the reference outpits to the
phase and amplitude detectors are used to maximize the polarization
error indication. This adjustment should be made with an indicated error

of less than 10 degrees. Since the line lengths are not the same between

0y

E -; the dual mode transducer and the receiver (MASER and TW7' in reference
" channel), this phase adjustment must be made when the signal frequency
is changed.

2.6 Receiver Specifications

The performance specification for the receiver portion of the

polarization alignment system is as follows:

Frequency Input _ 136 0. 25 Mc (min)
Reference Channel ) -
" Threshold - -84 dbm (rom)
~ Dynamic Range : 55 db (min)
Null Charnel o 3
Min. Rel. Signal Strength . <=55db
Output at -55 db rel.  =|:1 00 mv {(min)
Dynamic Range 40 db (min)
Automatic Frequency Tracking Range #24 ke (rom)
Automatic Frequency Acquisition Range +2 kc (nom) -
Isolation between Channels 70 db (min)
- Phase Stab:lity - *3 degrees (nom)
) Amplitude Stability _ %1, 5 db (nora)
Phase Lock Loop Bandwidth 300 ¢/s (norm)
2nd IF Bandwidth 12. 5 k¢ (nom)
‘ AGC Bandwidth 35 ¢/s (rom)

COOOHE
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3.0 RECEIVER TEST AND EVALUATION
Tests were performed, as described in the following paragraphs,
to determine actual receiver performance.

3.1 AGC Control Characteristic . = ——

The AGC control characteristic is shown in Figure 2 after proper
adjustment. The test setup of Fiaure 2 was used to adjust for proper
operation and obtain the data. The power split system inservion loss
was measured at 23 db; sirnal level plotted is actual receiver input signal
strehgth. Adjustment proccdure requires:

1. Reduce IF gain from maximum {manual adjustment) of

highest gain channel until 0. 2v RMS is obtained out of both
; IF amplifiers with the.input frequency (136 Mc) tuned for

maximum output and at required input level (.ap},.'oximatelym

~-87 dbm).
2.~ Adjust AGC threshold to start AGC veliage increase at
‘ 0. 25v RMS reference IF output.
‘ 3. Adjust AGC gain for +10VDC AGC at 0. 35v RMS reference
IF output. . o
4, Reduce from maximum either null or reference AGC level

to obtain flattest null I¥ output over full inpui sigral level
range (reference loop phase loc.\ed)

The curves show less than =1. 0 db error channel output (oolc.n-
zation error mcncatmn) over a 60 db input signal level range.” A 4:1 AGC
control slope‘ change gives a measured AGC bandwidth of approximately
100 ¢’s at threshold to 25 ¢ s at maxiraum signal input.

3.2 Polarizatior Error Indication and Se'xsifivity

Test Setun No. 2 shown in Figure 4 4 was used to obtzin polarization
error indication and sensitivity data. The power splitting system which
includes pads Rl and R2 provides equal isolated outputs with a2 measured

inscrtion loss of 23 db. Variable attenuator R3 is used to simulate

ar
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.
polarization error by adjusting relative error-reference channel signal
strength. Péaking of the error indica.tion with the r=aceiver phase
shifters comrpletes the simulation. The preamplifiers in the monopulse
converter are included to assure that their noise contributions 36 not
degrade the system performance. The R4 and R5 attenuators simulate
th¢ 500-foot cable loss between the rmonopulse converter and the Instru-
mentation Building where the receiver is located. The R6-6 db maxi-
mum variable attenuator equalizes the channel gains (as shown, A Chan-
nel had the highest gain). In actual operation, as shown in Figure 1,
an additional 27 db nominal attenuator is required in the receiver refer-
ence channel to equalize the channel gains By removing the excess
MASER-TWT gain, - DT e

Figure 5 shows the ouiput indication as a function of simulated

peolarization error. Normal sénsiti ity full scale indication occurs for
pola‘lrizati"on errors in excess of 45 degrees (saturated output). The

. l/l? scale indiczation is considercd the minimum satisfactory indication.
Two (2) degreas is the full scale increased sensitivity indication and the
1/10 scale normal sensitivity'indication.

.

Figures 6 and 7 (increased and normal sensitivity, respectively)
show the indication for various siraulated polarization errors as a
function of signal strength., The signal strength indicated is the equiva-
lent system reference channel input calculated as follows:

: At Threshold

Signal generator level -85 dbm
Power split loss . «23 db

=108 dbm
Preamp 3 db measured mismatch loss -
(50 ohm source rather than 200 ohm
mixer impedzance) ’ -3 db .
' ) =111 dbm
6 db mixer conversion loss +6 db
. <105 dom
Rotary joint loss ‘ +3 db
' <102 dbm

t B
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The ability to irdicate polarization error below the system de-
sign threshoid is of interest. The phase lock loop maintained lock -
down to -130 dbm. Below this, it is difficult to determinc if the loop
is locked since the error indication and dynamic phase errorbeat note
are small. The 300 c¢/s phase lock loop bandwidth at threshold pro-
vides a VCXO control S'N ratio of approximately 35 db. . This is
maintzined below threshold due to loop gain reduction of loop bandwidth;

a corresponding reduction in loop frequency tracking range results,

g
however.

As shown in Figure 6, it is difficult to indicate polarization error
outputs less than 0.1 VDC. This is due to noise. Since the error out-
put at threshold for 0.1 degree polarization error (-55 db relative, and
=160 dbm absolute error channel signal strength) is 0.10 VDC, the
noise voltage output is 0. 053v RMS for a 1. 0 cycle meter banawidth
and a 8 db system noise figure {174 - 8 = -165 dom noise power input).
This limitation does not appear in Figure 7 since the insertion of the
26 db attenuater to reduce s2nsitivity reduces the noise output corres-

pondingly.

~
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